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(54) Frame structure for a multi-rate CDMA communication system 



(57) In a CDMA radio transmitting apparatus that 
controls generation of unnecessary frequency compo- 
nents, variable data (101), after assembled by frame 
assembly circuit (102) in frame units, is time-multiplexed 
with fixed data (103) in slot assembly circuit (104). At 
this time, slot assembly circuit (104) reads the place- 



ment location information of fixed data in each slot from 
memory (203) and carries out time-multiplexing based 
on the information using random patterns whose repeti- 
tion cycle is one super frame. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 1 The present invention relates to a CDMA radio 
transmitting apparatus and a CDMA radio receiving 
apparatus used for digital radio communications, etc. 
Description of the Related Art 

[0002] One of the line connection systems in digital 
radio communications is the multiple access system in 
which a plurality of stations can perform communica- 
tions with the same frequency band simultaneously. A 
type of the multiple access systeinri-th^at allows improve- 
ment of frequency utilization is the CDMA system. 
[0003] CDMA (Code Division Multiple Access) means 
code division multiple accesses and refers to a technol- 
ogy that achieves multiple accesses through spread 
spectrum comminations in which an information signal 
spectrum is spread in an band sufficiently wide com- 
pared to the original information band width. It is also 
sometimes called spread spectrum multiple access 
(SSMA). The system in which a spread code is directly 
multiplied by an information signal is called "direct 
sequence system." 

[0004] FIG.1 shows an outline of configuration exam- 
ple of a conventional CDMA transmitting apparatus. 
With the CDMA transmitting apparatus shown in the fig- 
ure, variable data 1201 is assembled by frame assem- 
bly circuit 1202 in frame units, and then time-multiplexed 
with fixed data 1204 by slot assembly circuit 1203. At 
this time, slot timing, symbol timing and data rate infor- 
mation 1205, etc. are input to slot assembly circuit 1203 
to control the time-multiplexing timing. FIG.2 shows the 
configuration of the slot assembly circuit. Transmit data 
1301 which is variable data and fixed data 1204 are 
time-multiplexed and output by switch 1303 which is 
controlled by timing control circuit 1302. In slot assem- 
bly circuit 1203, a slot-assembled signal is primary- 
modulated by modulator 1206, CDMA-modulated by 
spread circuit 1207, and then amplified by RF section 
1 208 and transmitted from antenna 1209. 
[0005] The data format of radio signals used for the 
CDMA transmitting apparatus above is explained below. 
[0006] FIG. 3 shows an example of radio signal format. 
A transmit signal includes slots as its basic units, with K 
slots making up one frame and N frames making up one 
super frame. 

[0007] FIG.4 shows an example of transmit signal for- 
mat in one slot. One slot includes a fixed data section 
with the quantity of data constant with time and a varia- 
ble data section with the quantity of data variable with 
time. 

[0008] The fixed data includes a pilot symbol which is 
a known signal for coherent detection on the receiving 
side, control signal such as power control signal, or rate 
information of the variable data section transmitting the 



quantity of data, etc. The variable data is coding data 
with the quantity of data variable with time such as voice 
information and image information. 
[0009] The slot shown in FIG.4 (a) indicates a slot 
5 configuration when the data rate is high such as voice 
period; FIG. 4(b). when there is no data such as silent 
period ; and FIQ.4(c) and (d), when there is little data 
such as when the data rate is low. 
[0010] FIG.5 shows the power of the conventional 
10 CDMA transmitting apparatus for each frame. For 
example, if the data rate of transmit data is high, it trans- 
mits variable data 1602 with the same power as that of 
fixed data 1601 as shown in FIG.4(a). If there is no data 
as shown in FIG.5(b). fixed data 1603 is transmitted in 
15 the same way as in FIG.5(a), while variable data 1604 is 
set to power 0. Furthermore, when the data rate is low 
as shown in FIG. 5(c), fixed data 1605 is transmitted in 
the same way as in FIG.5(a), whereas variable data 
1606 is transmitted with small power instead of transmit- 
20 ting the same signal repeatedly. This allows the quality 
of variable data 1 606 to be kept equivalent to the quality 
of fixed data 1605. At the same time, transmitting varia- 
ble data 1606 with low power can reduce interference 
with other users in that portion of data. Furthermore, 
25 when the data rate is low as shown in FIG.5(d), fixed 
data 1607 is transmitted in the same way as in FIG.5(a), 
and variable data 1608 is also transmitted with the 
same power, but can also be cut midway if there is little 
data. This allows the quality of variable data 1608 to be 
30 kept equivalent to the quality of fixed data 1 607. 

[0011] When the data rate is high, this results in a 
power pattern as shown in FIG.5{a); when there is no 
data, a power pattern as shown in FIG.5(b); and when 
the data rate is low, power patterns as shown in 
35 FIG.5(c) or (d). 

[0012] On the other hand, in the CDMA receiving 
apparatus on the receiving side, as shown in FIG. 6. the 
signal received by antenna 1701 is down-converted by 
RF circuit 1702 and then despread by despread circuit 
1703, demodulated by demodulator 1704 and sepa- 
rated by slot disassembly circuit 1 705 into the fixed data 
section and variable data section. Frame assembly cir- 
cuit 1707 output the variable data as receive data . In 
slot disassembly circuit 1705 as shown in FIG. 7, 
demodulator output 1801 resulting from time-multiplex- 
ing of the variable data and fixed data is separated into 
fixed data 1805 and variable data 1806 by switch 1804 
controlled by timing control circuit 1802 using slot tim- 
ing, symbol timing and data rate information, etc. 1803. 
[0013] However, as shown in FIG.5 (b) and (c), with 
the conventional transmitting apparatus above, when 
there is no data or the data rate is low, turning transmit 
energy ON/OFF will generate a pulse signal with a 
power pattern of specific cycles, producing line spec- 
trums with large power in specific frequency compo- 
nents, which will get mixed in hearing aids causing 
unnecessary sound with a specific frequency, a so- 
called hearing aid problem, or may affect peripheral 



45 



50 



2 



3 



EP0 895 364 A1 



4 



appliances. 

[0014] FIG.8 shows an example of frequency spec- 
trum when transmit power is turned ON/OFF in a cycle 
of 1.6 kHz. In this case, line spectrums generating 
unnecessary sound are observed in the audible range s 
such as 1 .6 kHz and 3.2 kHz. 

SUMMARY OF THE INVENTION 

[001 5] Taking into account the above circumstances, ? o 
the objective of the present invention is to provide a 
CDMA radio transmitting apparatus and CDMA radio 
receiving apparatus capable of suppressing unneces- 
sary frequency components generated when storing 
multi-rate data, eliminating hearing aid problems and is 
preventing influences on peripheral appliances in 
CDMA transmissions. 

[0016] When time-multiplexing variable data with the 
quantity of data variable with time and fixed data with 
the quantity of data constant with time, the present 20 
invention randomizes the transmit timing of fixed data in 
the case that there is no variable data at least. 
[0017] According to the present invention, in the case 
that the data rate of variable data is low or there is no 
variable data, the power ON/OFF timing of fixed data is 25 
randomized, which randomizes the power ON/OFF tim- 
ing, and thus the present invention restrains pulses from 
generating in each slot, suppressing generation of line 
spectrums with large power in specific frequency com- 
ponents. 

[0018] Furthermore, the present invention provides a 
CDMA radio transmitting apparatus that allows the 
transmit timing of fixed data to be randomized by con- 
trolling placement of fixed data in transmit data. 
[0019] The present invention also provides a CDMA 
radio receiving apparatus that determines placement 
patterns of fixed data according to the frame number 
and slot number, stores only a number of slots that are 
housed in a super frames with a plurality of frames form- 
ing one unit and selects placement patterns based on 
the frame number and slot number to which the fixed 
data belongs. 

[0020] The present invention allows mobile radio com- 
munication systems to control placement patterns of 
fixed data using the slot number and frame number 
which are kept synchronized between the transmitting 
side and receiving side, facilitating disassembly of slots 
on the receiving side. Furthermore, since placement 
patterns are stored in quantity corresponding to the 
number of slots housed in a super frame, different 
placement patterns can be used even with the same 
slot number as long as the frame numbers are different. 
In addition, since the placement pattern for randomizing 
the transmit timing of fixed data is repeated in a super 
frame cycle, the transmit timing of fixed data is rand- 
omized to an extent that it will not affect peripheral 
devices at close range. 

[0021] The present invention maintains a first place- 



ment pattern group that includes a plurality of place- 
ment patterns in which fixed data is placed in such a 
way that it is concentrated on the first half of the slot and 
a second placement pattern group that includes a plu- 
rality of placement patterns in which fixed data is rand- 
omized over the entire slot. When the quantity of data is 
bigger, the first placement pattern group is used, and 
when the quantity of variable data is smaller, the second 
placement pattern group is used. 
[0022] In the case that the quantity of variable data is 
small or none, the present invention nnakes it possible to 
prevent line spectrums with large power from being gen- 
erated in specific frequency components by completely 
randomizing the transmit timing for each slot, in the 
case that the data rate is high, since no line spectrums 
with large power are generated in specific frequency 
components and fixed data is concentrated on the first 
half of the slot, TPC reception and SIR measurement 
can be performed without degrading the characteristics. 
[0023] Furthermore, upon receiving a signal resulting 
from time-multiplexing of fixed data and variable data, 
the present invention separates variable data from fixed 
data using the same placement pattern as that of fixed 
data used for time-multiplexing on the transmitting side. 
[0024] The present invention allows precise reception 
by separating fixed data and variable data from the ran- 
domized transmit timing. 



BRIEF DESCRIPTION OF THE DRAWINGS 

30 

[0025] 

FIG. 1 is a configuration diagram of the CDMA radio 
transmitting apparatus; 
35 FIG. 2 is a configuration diagram of the slot assem- 
bly circuit in the CDMA radio transmitting appara- 
tus; 

FIG.3 is a frame configuration diagram of a transmit 
signal in the CDMA radio transmitting apparatus; 
40 FIG.4 is a conceptual diagram of transmit signal for- 
mat in the conventional slot; 
FIG.5 is a pattern diagram of power in the conven- 
tional CDMA radio transmitting apparatus; 
FIG.6 is a configuration diagram of the conventional 
45 CDMA radio receive system; 

FIG.7 is a configuration diagram of the slot disas- 
sembly circuit in the conventional CDMA radio 
receiving apparatus; 

FIG.8 is a frequency spectrum level status diagram 
50 when transmit power is turned ON/OFF by the con- 
ventional CDMA radio receiving apparatus; 
FIG.9 is a configuration diagram of the CDMA radio 
transmitting apparatus in Embodiment 1 of the 
present invention. 
55 FIG. 10 is a configuration diagram of the slot assem- 
bly circuit of the CDMA radio transmitting apparatus 
in Embodiment 1 ; 

FIG. 11 is a pattern diagram showing fixed data 
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placement locations in each slot of the CDMA radio 

transmitting apparatus in Embodiment 1 ; 

FIG, 12 is a pattern diagram showing the repetition 

cycle of placement patterns of fixed data in the 

CDMA radio transmitting apparatus in Embodiment 5 

1; 

FIG. 13 is a power pattern diagram in the CDMA 
radio transmitting apparatus in Embodiment 1 ; 
FIG.14 is a configuration diagram of the CDMA 
radio receiving apparatus In Embodiment 2 of the io 
present invention. 

FIG. 15 is a configuration diagram of the slot assem- 
bly circuit of the CDMA radio transmitting apparatus 
in Embodiment 2; ; . 

FIG.16 is a configuration diagram SHh¥' CDMA 75 
radio transmitting apparatus in Embodiment 3 of 
the present invention. 

FIQ.17 is a transmit pattern diagram of the CDMA 
radio transmitting apparatus in Embodiment 3; 
FIG.18 Is a partial configuration diagram.of the slot 20 
assembly circuit of the CDMA radio transmitting 
apparatus in Embodiment 4 of the present inven- 
tion; and 

FIG. 19 is a transmit pattern diagram during opera- 
tion with/without tone and low rate operation in the 25 
CDMA radio transmitting apparatus in Embodiment 

4. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

30 

[0026] With reference now to the attached drawings, 
the embodiments of the present invention are described 
in detail below: 

(Embodiment 1) 35 

[0027] FIG.9 shows a configuration example of the 
CDMA transmitting apparatus in Embodiment 1 of the 
present invention. The CDMA transmitting apparatus in 
Embodiment 1 comprises frame assembly circuit 102 40 
that assembles variable data 101 In frame units, slot 
assembly circuit 104 that generates slots by time-multi- 
plexing the variable data assembled in frame units and 
fixed data 103, modulator 105 that primary-modulates 
the time-multiplexed signal, spreading circuit 106 that 45 
spread-modulates the primary-modulated signal. RF 
section 107 that amplifies the spread- modulated signal 
for transmission, and antenna 1 08 that carries out radio 
transmission. 

[0028] In said slot assembly circuit 104, slot timing 50 
109, symbol timing 110. data rate information 111, 
frame number 1 12, and slot number 1 13 are input As 
shown in FIG.10, variable data 101 and fixed data 103 
are time-multiplexed by switch 202 which is controlled 
by timing control circuit 201. Memory 203 stores the 55 
relationship between frame number 112, slot number 
113 and placement patterns of fixed data 103. Timing 
control circuit 201 reads information on the fixed data 



placement pattern In each slot (placement location of 
each symbol in the slot) from memory 203 according to 
frame number 112 and slot number 113 and controls 
switch 202 based on the information. 
[0029] The placement pattern information of the fixed 
data stored in memory 203 is explained below with ref- 
erence to FIG.11 and FIG.12. 

[0030] FIG.1 1 shows the placement patterns of the 
fixed data from the first slot to the fourth slot when there 
is no variable data such as silence . Five symbols of 
fixed data are placed in each slot and their locations are 
different in all slots. Since there is a limit to the storage 
capacity available for placement pattern information 
depending on the storage capacity of memory 203. it is 
necessary to store an appropriate number of placement 
patterns. 

[0031] According to the present embodiment, as 
shown in FIG.12, in super frame 401 consisting of a plu- 
rality of frames, all slots are set to have placement pat- 
terns different from each other. The placement location 
of fixed data with 5 symbols per slot i^repeated every 
super frame 401. It is possible to randomly read the 
placement patterns of the fixed data in super frames by 
storing their respective placement patterns at memory 
addresses which are combinations of a frame number 
and slot number. 

[0032] Then, the operation of the CDMA transmitting 
apparatus configured above is explained below. 
[0033] After variable data 101 is assembled in frame 
units by frame assembly circuit 102, it is time-multi- 
plexed with fixed data 103 by slot assembly circuit 104. 
[0034] At this time, in addition to slot timing 1 09. sym- 
bol timing 110 and data rate information 111, frame 
number 112 and slot number 113 are input to slot 
assembly circuit 104 in order to control the time-multi- 
plexing timing. 

[0035] In the case that data rate information 1 1 1 indi- 
cates that there is no variable data 101, timing control 
circuit 201 of slot assembly circuit 104 accesses mem- 
ory 203 at the memory address corresponding to frame 
number 205 and slot number 206 at that time to read the 
placement pattern of the fixed data. Then. It controls 
switch 202 based on that information. 
[0036] In the case that timing control circuit 201 of slot 
assembly circuit 104 judges from the data rate informa- 
tion that the data rate of variable data 1 01 is low, it does 
not randomize the fixed data, but performs conversion 
so that the quantity of data be kept at a certain level by 
repeating the same signal of variable data 101 . 
[0037] The slot-assembled signal is primary-modu- 
lated by modulator 105. spread-modulated by spread 
circuit 106 and amplified in RF section 107 and trans- 
mitted from antenna 108. 

[0038] FIG. 13 shows the situation of transmit output 
power in one frame period when there is no variable 
data. It solely consists of the fixed data power, unlike the 
conventional system, however, the power ON/OFF tim- 
ing is randomized and thus it prevents pulses from gen- 
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erating in each slot, restraining line spectrums with 
large power from generating in specific frequency com- 
ponents. 

[0039] In this way, when the data rate of variable data 
is lew, Embodiment 1 converts data by repeating the 
same signal, etc. so that the quantity of data be k^t 
constant, and when there is no variable data, it rand- 
omizes the placement location of the fixed data of the 
symbol in each slot preventing pulses from generating 
in each slot ther^y restraining line spectrums with 
large power from generating in specific frequency com- 
ponents. 

[0040] Furthermore, according to Embodiment 1, 
since a long-cycle repetition of placement patterns of 
fixed data takes place every super frame, the placement 
patterns of fixed data differ from one another if their 
frame numbers are different even if their slot numbers 
are the same, allowing the cyclicity of fixed data to be 
randomized when there is no variable data. 

(Embodiment 2) 

[0041 ] Embodiment 2 describes an example of CDMA 
receiving apparatus that can separate fixed data and 
variable data from the receive signal which is the signal 
with the fixed data randomized sent from the CDMA 
transmitting apparatus in Embodiment 1 described 
above. 

[0042] FIG. 14 shows a configuration example of the 
CDMA receiving apparatus in Embodiment 2 that 
relates to the present invention. The CDMA receive sys- 
tem in the present embodiment comprises antenna 601 , 
RF section 602 that down-converts the signal received 
by antenna 601 , despread circuit 603 that despreads 
the down-converted signal, demodulator 604 that 
demodulates the despread signal, slot disassembly cir- 
cuit 607 that separates the demodulator output into 
fixed data 605 and variable data 606 using the place- 
ment pattern information of the fixed data, and frame 
disassembly circuit 609 that converts variable data 606 
divided into frames to receive data 608 in the original 
state. 

[0043] In slot disassembly circuit 607 above, slot tim- 
ing 610, symbol timing 611. data rate information 612, 
frame number 613. and slot number 614 are input. As 
shown In FIG.15, demodulator output 701 is separated 
into fixed data 605 and variable data 606 by switch 703 
controlled by timing control circuit 702. Memory 704 
stores the same placement pattern Information as that 
of memory 203 in Embodiment 1 above using the com- 
bination of frame number 613 and slot number 610 as 
the memory address. Timing control circuit 702 reads 
the placement pattern information of the fixed data in 
each slot from memory 704 according to frame number 
613 and slot number 614, and controls switch 703 
based on that information. 

[0044] In the case that a mobile radio communication 
system is constructed using the CDMA radio transmit- 



ting apparatus in Embodiment 1 and the CDMA radio 
receiving afparatus in Embodiment 2. slot timing (109, 
610), symbol timing (110, 61 1), data rate information 
(111, 612), frame number (112, 613), and slot number 
5 (113, 614) in the CDMA radio transmitting apparatus 
and the CDMA radio receiving apparatus are mutually 
synchronized, and therefore they constitute the same 
data. 

[0045] Then, the operation off the CDMA receiving 

10 apparatus configured above Is described below. 

[0046] The signal received by antenna 601 is down- 
converted by RF section 602. despread by despread 
circuit 603 and then demodulated by demodulator 604 
and input to slot disassembly circuit 605. 

15 [0047] In timing control circuit 702 of slot disassembly 
circuit 605, if the data rate information input indicates 
that there is no variable data, the placement patterns of 
the fixed data included in demodulator output 701 are 
randomized, and thus slot disassembly that will match 

20 the placement patterns is required. 

[0048] In the present embodiment, timing control cir- 
cuit 702 accesses memory 704 at the memory address 
which is a combination of frame number 613 and slot 
number 61 4 at that time and reads the same placement 

25 pattern as that used by the transmitting side to rand- 
omize the fixed data. Then, for demodulator output 701 
resulting from time-multiplexing of variable data and 
fixed data, timing control circuit 702 controls switch 703 
based on the read placement pattern and outputs by 

30 separating it into fixed data 605 and variable data 606. 
[0049] When the demodulator output is separated into 
fixed data 605 and variable data 606, variable data 606 
is output as receive data 608 by frame disassembly cir- 
cuit 609. 

35 [0050] In this way, according to Embodiment 2, mem- 
ory 704 stores the placement pattern of fixed data in 
accordance with the frame number and slot number and 
the same placement pattern as that for transmission 
can be acquired according to the frame number 61 3 and 

40 slot number 61 4 of the receive signal. This allows fixed 
data 605 and variable data 606 to be separated from the 
randomized transmit timing, providing precise recep- 
tion. 



[0051] Embodiment 3 describes an example of the 
CDMA radio transmitting apparatus that, when the data 
rate of variable data is low, inserts the same signal 

50 repeatedly, while transmitting the variable data with 
smaller power compared to the fixed data. 
[0052] FIG. 16 shows a configuration example of the 
CDMA transmitting apparatus In Embodiment 3 of the 
present invention. The CDMA transmitting apparatus In 

55 the present embodiment comprises frame assembly cir- 
cuit 102 that assembles variable data 101 in frame 
units, level control circuit 801 that controls the level 
equivalent to the power of the variable data assembled 
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in frame units, slot assembly circuit 104 that generates 
slots resulting from time-multiplexing of the level-con- 
trolled variable data and fixed data 103, modulator 105 
that primary-modulates the time-multiplexed signal, 
spread circuit 106 that CDMA-modulates the primary- 5 
modulated signal. RF section 107 that amplifies the 
CDMA-modulated signal for transmission, and antenna 
108 that carries out radio transmission. 
[0053] In the case that the data rate information; indi- 
cates a low rate, level control circuit 801 functions to 10 
lower the level of the variable data so that the variable 
data be transmitted with smaller power compared to the ^ 
fixed data. 

[0054] Then, the operation of Ennbodiment 3 config- 
ured above is explained below. - r:,4^^;;y5 
[0055] Frame assembly circuit 102 assembles varia- 
ble data 101 in frame units and at the same time judges 
the data rate of variable data 101 from data rate infor- 
mation 110, and if the data rate is low. it repeats the 
same signal so that the quantity of data be kept con- 20 
stant. w 
[0056] Level control circuit 801 judges the data rate of 
variable data 101 from data rate information 1 10 as in 
the case of frame assembly circuit 1 02. If the rate of var- 
iable data 1 01 is low, the same signal is repeated for the 25 
variable data output from frame assembly circuit 102, 
and therefore Level control circuit 801 controls so that 
the level of the signal be lowered. For example, if the 
time length of the signal is doubled by repeating the 
same signal of variable data twice, it lowers the level to 30 
1/2. This allows the quality of variable data to be equal 
to the quality of fixed data even if the power is reduced. 
[0057] In slot assembly circuit 1 04, if the variable data 
level-controlled by level control circuit 801 is input, the 
data rate information input at that time Indicates that the 35 
rate of the variable data is low. Therefore, as in the case 
of Embodiment 1 above, the placement pattern of the 
fixed data is read from memory 203 based on frame 
nunnber 112 and slot number 113, and fixed data 103 
and variable data are time-multiplexed based on the 40 
placement pattern of the randomized fixed data. FIG. 1 7 
shows the slot resulting from time- multiplexing of the 
level-controlled variable data and the randomized fixed 
data. 

[0058] The slot-assembled signal is primary-modu- 45 
lated by modulator 105, CDMA-modulated by spread 
circuit 106, amplified by RF section 107, and transmit- 
ted from antenna 108. 

[0059] According to Enribodiment 3, not only can the 
quality of variable data be kept equivalent to the quality so 
of fixed data, but also the power of variable data can be 
reduced, making it possible to reduce interference of 
variable data with other users. 

(Embodiment 4) 55 

[0060] Embodiment 4 that relates to the present 
invention describes a CDMA radio transmitting appara- 



tus that switches a high rate placement pattern in which 
fixed data is placed concentrated on the first half of a 
slot and a low rate or non-data placement pattern in 
which fixed data is randomly placed in the slot accord- 
ing to the data rate of variable data. 
[0061 ] The CDMA radio transmitting apparatus in the 
present embodiment has the basic configuration identi- 
cal to that of the CDMA radio transmitting apparatus 
described in Embodiment 3 with differences in part of 
the configuration of slot assembly circuit 104 and 
processing details. The differences from Embodiment 3 
are explained below in detail. 

[0062] FIG. 1 8 shows a part of the configuration of slot 
assembly circuit 104 mounted in the CDMA radio trans- 
mitting apparatus in the present embodiment, indicating 
memory 1001 and address generator 1002. Memory 
1001 contains high rate pattern area 1003 and low- 
rate/non-data pattern area 1004. High rate pattern area 
1 003 stores some of the placement patterns placed so 
that fixed data be concentrated on the first half of the 
slot as shown in FIG. 19A. Low-rate/non-data pattern 
area 1 004 stores placement patterns in which fixed data 
is randomly placed within slots as shown in FIG.19B 
and 19C. Both areas 1003 and 104 store placement 
patterns according to the frame numbers and slot num- 
bers in the same way as Embodiments 1 and 3, 
whereas for placement patterns of high rate pattern 
area 1003, the need for fixed data randomization is low. 
and thus a plurality of slot numbers may also be 
assigned to one placement pattern to achieve effective 
utilization of memory resource. 
[0063] Then, the operation of Embodiment 4 config- 
ured as described above is explained below. 
[0064] As shown in FIG. 18, in slot assembly circuit 
104, if the data rate of variable data is high such as 
voice period , address generator 1002 selects high rate 
pattern area 1003, while generating a memory address 
from a combination of frame number 112 and slot 
number 113 input at that time. From the generated 
memory address, the placement pattern in which fixed 
data is placed concentrated on the first half of the slot is 
read and given to timing control circuit 201 shown In 
FIG.2 and used for control of switch 202. This results in 
a transmit pattern as shown in FIG.19A in which fixed 
data is concentrated on the first half of the slot. 
[0065] On the other hand, when the data rate of vari- 
able data is low or when there is no data as in the case 
of silent period, address generator 1002 selects low 
rate/non-data pattern area 1004, while generating a 
memory address from a combination of frame number 
112 and slot number 113 Input at that time. From the 
generated memory address, one placement pattern in 
which fixed data is randomized is read and given to tim- 
ing control circuit 201 and used for control of switch 202. 
This results in a transmit pattern as shown in FIG. 198 
and 19C in which fixed data is randomized. 
[0066] Now, suppose the case where fixed data con- 
sists of pilot symbols and a power control signal (TPC). 
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According to theses "Effects of SIR Base Power Control 
in Coherent DS-CDMA Mobile Comnnunication" and 
"Study on Instantaneous Value Variation Trailing Type 
Power Control Method in DS-CDMA Down-Link Chan- 
nel," to measure SIR using fixed data of a receive signal 5 
and determine and transmit the transmit power control 
signal based on its result, it is necessary to place fixed 
data concentrated on the first hallpf the slot. In addition, 
performing coherent detection^ TPC using pilot sym- 
bols in the fixed data and controlling power in the next w 
slot also requires the fixed data to be, placed concen- 
trated on the first half of the slot. In the case that fixed 
data is concentrated on the first half of the slot and ran- 
domized at the same time, the^apiggrDization may not 
be carried out sufficiently, causing the problem of line 15 
spectrums with large power occurring in specific fre- 
quency components. However, it is when the power 
ratio of the fixed data to the variable data increases, that 
is, when there is no data or when the data rate is low 
that a line spectrum is^generated in specific frequency 20 
components. In power control for each slot, carrying out 
SIR measurements using only part of fixed data will 
reduce the accuracy of measurements. Likewise, carry- 
ing out TPC synchronization detection using only some 
pilot symbols will deteriorate the receive characteristic. 25 
[0067] On the other hand, in power control, it is when 
the data rate is high, that is, when influence with other 
user increases because of large average power that the 
receive characteristic of TPC and the accuracy of SIR 
measurements are important. Since at this time, the so 
power ratio of the fixed data to variable data does not 
vary or decreases extremely, the randomization of the 
transmit timing of fixed data is unnecessary or even if 
concentrated to a certain degree no line spectrums with 
large power will be generated in specific frequency 35 
components. 

[0068] Therefore, as shown in Embodiment 4, it is 
possible to restrain line spectrums with large power 
from generating in specific frequency components by 
placing the fixed data so that it be concentrated on the 40 
first half of the slot if the data rate of variable data is 
high, or by more randomly placing the fixed data in the 
slot in the case of low rate or no data, or by securely ran- 
domizing the transmit timing for each slot if the quantity 
of variable data is small or when there is no data at all. 45 
Furthermore, when the data rate is high, since no line 
spectrums with large power are generated in specific 
frequency components, but fixed data is concentrated 
on the first half of the slot, it is possible to carry out TPC 
reception and SIR measurements without deteriorating so 
the characteristic. 

Claims 

1. A CDMA radio communication apparatus, compris- ss 
ing: 

multiplexing means (202) for time-multiplexing 



variable data with the quantity of data variable 
with time and fixed data with the quantity of 
data fixed with time to output transmit data; 
randomizing means(104) for randomizing the 
transmit timing of said fixed data in the case 
that said variable data does not exceed a pre- 
determined value; 

radio transmitting means(107) for radio trans- 
mitting the transmit data output from said multi- 
plexing means(202). 

2. The CDMA radio transmitting apparatus according 
to claim 1, wherein: 

said randomizing means{104) randomizes the 
transmit timing of the fixed data by controlling 
the placement location of said fixed data in said 
transmit data. 

3. The CDMA radio transmitting apparatus according 
to claim 2, wherein: 

said randomizing means(104) comprises: 
data storing means(203) for storing a plurality 
of placement pattern data items of fixed data; 
pattern determining means(201) for determin- 
ing the placement pattern data to be extracted 
from said data storing means(203). 

4. The CDMA radio transmitting apparatus according 
to claim 3. wherein: 

said data storing means(203) stores the place- 
ment patterns of fixed data in quantity corre- 
sponding to the number of slots housed in a 
super frame in which one unit include a plurality 
of frames, according to the frame numbers and 
slot numbers; 

said pattern determining means(201) extracts 
the placement patterns from said data storing 
means(203) based on the frame numbers and 
slot numbers to which the fixed data belongs. 

5. The CDMA radio transmitting apparatus according 
to claim 3, wherein: 

said data storing means(IOOI) stores a first 
placement pattern group having a plurality of 
placement patterns placed so that fixed data be 
concentrated on the first half of the slot and a 
second placement pattern group having a plu- 
rality of placement patterns in which fixed data 
is randomized over the entire slot; 
said pattern determining means(201) uses the 
first placement pattern group for a large quan- 
tity of variable data and the second placement 
pattern group for a small quantity of variable 
data or silence state. 
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6. The CDMA radio f ansmitting apparatus according 
to claim 1 . further comprising: 

level control means(801) for changing a trans- 
mission power in the variable data transmit 
period according to the quantity of data of said 
variable data. 

7. The CDMA radio transmitting apparatus accordiiig 
to claim 1, wherein: 

said fixed data is one of a pilot signal, power 
control signal or transmit rate information sig- 
nal or a combination thereof. 

8. A CDMA radio receiving apparatus, comprising: 

radio receiving means(602) for receiving a 
radio signal resulting from time-multiplexing of 
fixed data and variable data; 
demodulating means(603,604) for demodulat- 
ing the radio signal received at said radio 
receiving means(602) and outputting a 
received data; 

separating means(607) for separating said 
received data into variable data and fixed data 
based on the same placennent pattern as that 
used for time-multiplexing fixed data and varia- 
ble data on the transmitting side. 

9. The CDMA radio receiving apparatus according to 
claim 8, wherein: 

said separating means(607) comprises; 
data storing means(704) for storing the same 
placement pattern of fixed data as that used for 
time-multiplexing variable data and fixed data 
on the transmitting side; and 
pattern restoring means(702) for extracting the 
same placement pattern as that used from said 
data storing means on the transmitting side. 

1 0. The CDMA radio receive system according to claim 
9, wherein: 

said data storing means(704) stores the place- 
ment patterns of fixed data in quantity corre- 
sponding to the number of slots housed in a 
super frame in which one unit includes a plural- 
ity of frames, according to the frame number 
and slot number; 

said pattern restoring nneans(702) reads the 
placement patterns from said data storing 
means(704) using the frame number and slot 
number synchronized with the transmitting 
side. 

11. The CDMA radio receiving apparatus according to 



claim 9, wherein: 

said data storing means(704) stores a first 
placement pattern group having a plurality of 
5 placement patterns placed so that fixed data be 

concentrated on the first half of the slot and a 
second placement pattern group having a plu- 
rality of placement patterns in which fixed data 
is randomized over the entire slot; 
said pattern restoring means(702) uses the 
first placement pattern group for a large quan- 
tity of variable data and the second placement 
pattern group for a small quantity of variable 
data or silent state. 

12. The CDMA radio receiving apparatus according to 
claim 8, wherein: 

said fixed data is one of a pilot signal, power 
20 , control signal or transmit rate information sig- 

^ " nal or a combination thereof. 

13. A CDMA radio communication apparatus, compris- 
ing a CDMA radio transmitting apparatus described 

25 in one of claim 1 to claim 7 and a CDMA radio 
receiving apparatus described in one of claim 8 to 
claim 12. 

14. A mobile station that carries out radio communica- 
30 tion to a radio base station in CDMA system, com- 
prising the CDMA radio transmitting apparatus 
described in one of claim 1 to claim 7. 

1 5. A radio base station that receives signals transmit- 
35 ted from a mobile station in CDMA system, com- 
prising the CDMA radio receiving apparatus 
described in one of claim 8 to claim 12. 

16. A mobile communication system, comprising the 
40 mobile station described in claim 14 and the radio 

t>ase station desaibed in claim 14. 

17. A CDMA radio transmit method that transmits 
transmit data resulting from time-multiplexing of 

45 fixed data and variable with its spectrum spread, 
comprising the st^s of: 

(a) generating the placement pattern of said 
fixed data whose transmit timing Is rand- 

50 omized; 

(b) time-multiplexing said fixed data and said 
variable data based on the placement pattern 
of said fixed data; ard 

(c) transmitting said time-multiplexed transmit 
55 data. 

18. The CDMA radio transmit method according to 
claim 17, wherein: 
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placement pattern of the fixed data is gener- 
ated to randomize the transmit timing of the 
fixed data in the case that the quantity of data 
of said variable data falls short of a predeter- 
mined value. 5 

19. The CDMA radio transmit method according to 
claim 17, wherein: ^ IP^-r- 

placement pattern is selected from a plurality of io 
placement patterns of predetermined.^ fixed 
data based on the frame number and slot 
number to which the fixed data belongs. 

20. A CDMA radio receive method that receives a radio is 
signal of transmit data with spread spectrum, com- 
prising the steps of: 

(a) receiving a radio signal resulting from time- 
multiplexing of fixed dataiand variable data; 20 

(b) demodulating the radio signal received and 
outputting a received data; and 

(c) separating said received data into variable 
data and fixed data based on the same place- 
ment pattern as that of the fixed data used 25 
when the fixed data and variable data were 
time-multiplexed on the transmitting side. 

21 . The CDMA radio receive method according to claim 

20. comprising the step of: 30 

extracting the same placement pattern as that 
of the fixed data used when time-multiplexing 
the fixed data and variable data on the trans- 
mitting side from a plurality of pre-stored place- 35 
ment patterns. 
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FIG. 19A 



WITH VOICE 



1ST SLOT 


T 
P 
C 


D 
0 


D 
1 


P 


P 


P 


P 


D 

2 


D 

3 


D 
4 


D 

5 


D 
6 


D 

7 


D 

8 


D 

9 


D 
1 
0 


D 
1 
1 


D 
1 

2 


D 
1 
3 


D 
1 

4 












































2ND SLOT 


D 

0 


T 
P 
C 


D 
1 


P 


P 


P 


P 


D 

2 


D 

3 


D 
4 


D 
5 


D 
6 


D 

7 


D 
8 


D 
9 


D 
1 
0 


D 

1 

1 


D 
1 
2 


D 
1 

3 


D 
1 

4 












































3RD SLOT 


T 
P 
C 


D 

0 


D 
1 


P 


P 


P 


P 


D 

2 


D 
3 


D 
4 


D 
5 


D 

6 


D 

7 


D 
8 


D 
9 


D 
1 
0 


D 

1 

1 


D 
1 
2 


D 
1 

3 


D 
1 

4 












































4TH SLOT 


D 
0 


D 
1 


T 
P 
C 


P 


P 


P 


P 


D 

2 


D 
3 


D 
4 


D 
5 


D 
6 


D 
7 


D 
8 


D 
9 


D 
1 
0 


D 
1 
1 


D 
1 

2 


D 
1 

3 


D 
1 

4 



26 



EP 0 895 364 A1 



FIG. 19B 



SILENT 



1ST SLOT 



T 
P 
C 



2ND SLOT 



T 
P 
C 



3RD SLOT 



T 
P 
C 



4TH SLOT 



T 
P 
C 



27 



EP 0 895 364 A1 



FIG. 19C 
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